Abstract: Chemical composition, antioxidant activity and in vitro antibacterial activity of propolis from the central, continental part of Croatia were studied. Propolis hydro-ethanolic extracts (PHEE), prepared using three different methods and two solvent mixtures contained high amounts of flavonoids (20.95-28.11 % TIC), aromatic acids (8.17-15.91 % TIC) and their esters (9.27-11.91 % TIC). The PHEE obtained in this study showed high antioxidant activity (DPPH IC50 values from 9.96-19.95 µg/ml and FRAP 38.0-41.9 mM Fe 2+ /mg PHEE). Despite differences in composition, the PHEE samples exhibited significant antibacterial activities, affecting tested strains of Staphylococcus aures, Enterococcus faecalis, Escherichia coli and Moraxella catarrhalis. The use of different solvent ratio and extraction procedures selectively increases or decreases the content of specific propolis components in the extract which can have a beneficial effect on the application of propolis extracts.
INTRODUCTION
ROPOLIS is one of the apicultural products that have been used from ancient times as natural remedy due to its beneficial influence on human health. [1−3] During the past decades, propolis became widely accepted and commercially used in the form of home remedies, toothpastes, creams, ointments, drops, and dietary supplements.
Once collected, propolis is enriched with bee's salivary and enzymatic secretions. Propolis is used by bees as a natural sealer in hives as well as protective barrier against intruders. [4] It is considered that propolis has important role in immunity of honey bees by reducing the spread of bacteria and parasites in hives and eliminating biological contamination in a colony. [5] As a natural product, propolis has complex chemical composition and several types. The most investigated propolis type, poplar propolis, accounts for more of 300 identified compounds divided into: aromatic acid esters, terpenoids, aromatic acids, long-chain aliphatic fatty acids and their esters, aliphatic hydrocarbons and wax esters, amino acids, flavones and flavonols, aliphatic acids (short-chain), glycerol derivatives, flavanones, aldehydes, alcohols, aliphatic acid esters, chalcones, sugars and sugar alcohols, acetophenones and other ketones, dihydrochalcones, steroids and miscellaneous ingredients. [6, 7] The chemical composition of propolis is variable, depending on the regional plant ecology. In regions with temperate climate, the propolis resin is collected mainly from the buds and cracks in the bark of Populus species. Resulting poplar type propolis is characterized with flavonoids without B-ring substituents, such as pinocembrin, pinobanksin, galangine and chrysin and phenylpropanoid acids and their esters, e.g. caffeic acid phenethyl ester (CAPE) (Figure 1 ). [8] The bioactive substances in propolis are responsible for the broad spectrum of biological activities: antioxidant, [9] antifungal, [10] antibacterial, [11, 12] antitumor [13] and anti-inflammatory. [14] Some of the compounds of poplar type propolis gained specific interest in human and veterinary medicine in the last decades. Caffeic acid phenethyl ester (CAPE) has broad biological activities, including anti-inflammatory properties, inhibition of cell proliferation induction of cell cycle arrest and apoptosis. [14] Flavonoids, particularly quercetin, kaempherol, apigenin and chrysin, ubiquitous in plants and present in the different human diets have antioxidative, hypolipidemic, antibacterial, antitumor, anti-inflammatory, antidiarrhoeal, antiulcer, antimutagenic, neuroprotective, cardioprotective, vasodilator, immunomodulator, antidiabetic and hepatoprotective activity. [15−20] The complex biological activity of propolis is a reason why elucidation of the complex chemical composition remains in the focus of many research studies. Moreover, fast and accurate identification of biologically active natural compounds is becoming important feature in drug discovery as a source of potential active molecules. [21] Raw propolis cannot be used without prior solvent extraction that removes waxes and other redundant ingredients and preserves bioactive compounds. Solvents usually used in the extraction procedure are methanol, ethanol, water or their mixtures. The extraction is performed using elevated temperature (reflux) or maceration for several hours at room temperature. Nowadays, use of microwave assisted extraction [22] is increasingly being used because it significantly reduces the consumption of solvents and the time of extraction. Since biological activity of natural compounds depends on their chemical properties, we investigated the influence of different solvent ratios and extraction methods for obtaining propolis extracts with desirable composition and advantageous antioxidative and antibacterial activity.
EXPERIMENTAL PART

Reagents and Chemicals
Bis(trimethylsilyl)trifluoroacetamide (BSTFA), analytical grade ethanol, cinnamic acid, p-coumaric acid, kaempferol, chrysin, caffeic acid, ferulic acid, quercetin, D-fructose, Dglucose, sucrose, palmitic acid, stearic acid, apigenin, Folin-Ciocalteu reagent, Trolox ® (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were obtained from Aldrich (Steinheim, Germany). A weighed amount of grounded propolis (0.5 g) was extracted with 10 ml of solvent at two different EtOH-H2O ratios, 70:30 and 80:20 (v/v), in a 25 ml glass vessel using microwave apparatus with closed vessel (Start Synth Milestone Inc. USA). The microwave experimental conditions were set as follows: extraction temperature 120 °C and extraction time 15 min. The pressure was dynamically adjusted by temperature and power feedback control. During the extraction, magnetic stirring was 
Propolis Collection and Extracts Preparation
Derivatisation and GC-MS Analysis of Propolis Extracts
All samples of propolis extracts were derivatised prior to GC-MS analysis. For this purpose, propolis extracts were evaporated to dryness under nitrogen and 1 mg of each dry extract was derivatised by the addition of 50 μl pyridine and 100 μl bis-(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1 % trimethylchlorosilane (TMCS). Reaction proceeded in a sealed glass tube for 30 min at 70 °C. All samples were analysed by Shimadzu GC-MS Ultra Gas Chromatograph Mass Spectrometer (Shimadzu, Kyoto, Japan), equipped with capillary column InertCap 1MS (0.25 mm internal diameter, 0.25 µm film thickness, 30 m long, GL Sciences, Tokyo, Japan). The injector temperature was set to 250 °C, and 1 μl of each sample was injected with a split ratio of 1:80. Helium was used as the carrier gas, and linear velocity was 35 cm/s. The oven program was set as follows: temperature at 100 °C for 2 min, then increased at the rate of 5 °C/min up to 280 °C held 15 min, then increased at 10 °C/min up to 320 °C and held 20 min. Mass selective (MS) detector operated under electron impact ionisation (70 eV) and MS scan range was 35-1000 m/z. The interface and ion source temperatures were set at 280 and 250 °C, respectively.
Peaks were identified by using mass spectra libraries (NIST 08 and Wiley 7). All the experimental measurements were repeated three times and the average values reported. Additionally, compounds were identified by comparing their mass spectra and characteristic ions of their TMS derivatives with the data available in literature: pinobanksin, and pinobanksin-O-acetate, [23] anthraquinones, [24] caffeic acid ester [25] and chalcones. [26] Cinnamic acid, p-coumaric acid, kaempferol, chrysin, caffeic acid, ferulic acid and quercetin were identified and quantified using standard solutions of the specific compound.
Determination of Ferric Reducing/ Antioxidant Power (FRAP assay)
The FRAP method was conducted according to previously reported procedure [27] with minor assay modifications to a 96-well plate format. A solution of 10 mM TPTZ and 20 mM ferric chloride was diluted in 300 mM sodium acetate buffer (pH 3.6) at a ratio of 1:1:10. The tested propolis extracts (20 µl) were added to the 96-well microplate followed by working FRAP solution (280 µl). The mixture was shaken and incubated 30 min at 37 ºC in the dark. Final concentration of tested propolis extracts was 1 mg/ml. The absorbance at 593 nm was recorded using microplate reader µQuant (Biotec Inc. 
DPPH Radical Scavenging Assay
The determination of reducing activity was measured according to previously reported procedure with some modifications. [28] Briefly, equal volume of tested propolis extracts at various concentrations was added to a solution of DPPH (final concentration 100 µM in absolute ethanol).
The assay was carried out in a 96 well microtiter plate. Ethanol was used as a negative control solution and solution of 10 mg/ml of α-tocopherol was used as positive control. After 30 min in dark, the absorbance was recorded at 517 nm on µQuant (Biotec Inc.) reader at room temperature. All measures were done in triplicate.
The percentage scavenging of test samples at each concentration were calculated using the following formula:
The IC50 values for each compound were calculated from dose-response curves using linear regression analysis.
Determination of Total Phenolic Content
The total phenolic content of propolis extracts was analyzed using gallic acid as a standard by the FolinCiocalteu method [29] with some assay modifications to a 96-well plate format. Ethanol solutions of propolis extracts (2.5 mg/mL) were prepared and 20 µL of these solutions or of gallic acid standard solutions or ethanol as blank were added to each well of the microplate. To each well, 20 µL of Folin-Ciocalteu reagent (diluted in water 1:1) was added and incubated for 30 minutes at room temperature. Finally, 80 µL of 7.5 % Na2CO3 solution was added, mixed by pipetting, plate was covered and incubated at room temperature for 2 hours. The absorbance was read at 725 nm using a microplate reader (µQuant, Biotec Inc.). The total phenolic content of the extracts was determined by comparison with a calibration curve of gallic acid standard and represented as mg gallic acid equivalents (GAE) in g of propolis extract. The analyses were done in triplicate.
Antibacterial Activity
Minimum inhibitory concentrations (MICs) were determined by the broth microdilution method according to guidelines of the Clinical Laboratory Standards Institute. [30] 
RESULTS AND DISCUSSION
Chemical Composition of Propolis Hydro-Ethanolic Extracts (PHEE)
The propolis was collected from the central, continental part of Croatia and analyzed by GC-MS (Figure 2 ). The results obtained by GC-MS analyses revealed that the hydroalcoholic extracts of Croatian propolis contained more than 50 compounds and 28 of them were identified. The chemical composition of PHEE as % of TIC were presented and summarized in Table 1 . Currently, there is limited literature data regarding the composition and biological properties of propolis from the central part of Croatia. [18, 20, 31] The analytical results presented in Table 1 demonstrate that propolis from the central part of Croatia contains high concentration of flavonoids and phenolic acids such as ferrulic, p-coumaric and caffeic acid, benzyl caffeate, phenylethyl ester of caffeic acid (CAPE), and chrysin. Many studies confirmed that propolis from temperate climate zone, such as propolis from Croatia, originate mainly from exudates of Populus species and their hybrids, and are rich in flavonoids, phenolic acids and their esters. In addition to the influence of geographic location, pronounced impact on chemical composition and biopolyphenol content is achieved by the solvent and the extraction method. This study examined the differences between conventional extraction methods such as maceration and heat reflux extraction, and microwave assisted extraction (MAE). [22] The MAE represents reliable alternative to conventional techniques and has merits such as shorter time of extraction, less solvent consumption and higher yields of individual polyphenolic substances. [32] In this study, two solvent ratios of ethanol and water, 80:20 and 70:30, respectively, were investigated. The analytical results clearly established that extraction methods and solvent ratios significantly influence quantity of individual compound as well as groups of active compounds with similar structure.
Overall, aromatic acids and their esters comprised 8.17-15.91 and 9.27-11.91 % of TIC, respectively. The most abundant aromatic acids were p-coumaric, ferrulic and caffeic acid. The highest content of aromatic acids was observed when maceration and 80:20 solvent ratio was applied (15.91 % TIC). Irrespective of the method used, 80:20 solvent ratio extracted more aromatic acids than 70:30 solvent ratio implying that when a high concentration of aromatic acids is needed in an extract, solvent ratio of 80:20 should be used. These aromatic acids possess significant antibacterial, antiinflammatory, hepatoprotective and antioxidant activity, [33] therefore, their presence in the PHEE studied is beneficial for such applications. The esters of aromatic acids represent important group of polyphenolic compounds in propolis, with phenylethyl caffeate (CAPE) as the most investigated, due to its strong antitumor and antioxidant activity. [33] Therefore, the high content of CAPE in studied extracts (2.59-3.34 % TIC) is considered biologically important. Based on the obtained results the MAE and solvent ratio 80:20 is a method of choice in order to extract higher content of CAPE.
All PHEE extracts contained flavonoids (flavanones, flavones and flavonols) at high level. The content of flavonoids was the highest in all PHEE (20.95-28.11 % TIC) irrespective of the extraction procedure or solvent ratio. The experimental data presented revealed that extract with the highest content of flavonoids could be obtained by MAE and solvent ratio 80:20 rather than with other methods. 
PHEE Antioxidative Capacity and Total Phenolic Compounds
The total polyphenol content and antioxidant activity of the PHEE extracts studied are presented in Figure 3 . In general, the increasing ratio of ethanol in the solvent mixture extracts higher quantities of phenolic compounds. The total phenolic compounds (TPC) values ranged from 141.34 to 215.79 mg GAE/g PHEE. These values were in range with previous reports for propolis from different parts of the world. [34] The highest TPC value was observed for PHEE obtained by solvent reflux using solvent mixture 80:20, v/v mixture. As phenolic compounds in propolis play a protective role against oxidative damage caused by free radicals, we evaluated antioxidant properties of propolis extracts using two assays, DPPH and FRAP. The DPPH, a free radical that accepts an electron or hydrogen radical to become a stable diamagnetic molecule, is readily used to evaluate the antioxidant activity of propolis extracts. FRAP assay is based on reduction of TPTZ-Fe(III) complex to TPTZ-Fe(II) complex. Propolis ethanol extracts evaluated in this study showed high antioxidant activity (DPPH IC50 values from 9.96 to 19.96 µg/ml, FRAP 38.0−41.9 mM Fe 2+ /mg PHEE). DPPH activity was mainly related to total phenolic compounds as shown in Figure 3C and D. Among identified PHEE components, quercetin, apigenin and kaempferol, showed correlation with FRAP assay (Figure 4) . From the obtained results it is obvious that the increase of these three compounds, quercetin in particular, is responsible for antioxidant activity in FRAP assay (Figure 4 ). These compounds belong to flavonoids which antioxidant activity depends upon the arrangement of functional groups about the nuclear structure. The configuration, substitution, and total number of hydroxyl groups mediate their antioxidant effects by scavenging free radicals and/or by chelating metal ions. [35] Chemometric Approach -Principal Component Analysis
In order to analyse the large amount of analytical data we applied chemometric approach: the Principal Component Analysis (PCA). The central idea of the PCA is to reduce the dimensionality of a data set in which there is a large number of correlated variables, while retaining the total information as much as possible. Chemometric studies . PCA loadings plot. The PCA loading plot was generated using parameters obtained by GC-MS and using the parameters of antioxidative properties. The numbers correspond to those in were undertaken to explore possible variations among PHEE. Figure 4 . represents a PCA loadings plot constructed using the relative amounts of individual constituents of propolis from the GC-MS analysis (Table 1. ) and values obtained for TPC, FRAP and DPPH. PCA loadings plot showed high relation between the results from DPPH assay and the amount of aromatic acids while FRAP values were mostly related to the measured quantities of quercetin, apigenin and kaempferol. Other propolis components' amounts were not related to parameters of antioxidative properties.
Antibacterial Activity
The antibacterial activity of propolis is a result of different propolis constituents as well as their synergistic effects. [36] All PHEE exhibited some antibacterial effects towards tested bacterial strains and presented in Table 2 . There was no difference among PHEE extracts in their antibacterial activity against S. aureus and E. feacalis and MICs were 0.128 mg/ml and 0.256 mg/ml, respectively. These values are comparable to those obtained for poplar type propolis. [37] In contrast to previous results which did not find antibacterial activity of poplar type propolis against tested gram negative bacteria [38] our results showed notable activity of Croatian propolis against tested strains of M. catarrhalis and E. coli with MICs values 0.016−0.032 mg/ml and 0.032−0.064 mg/ml, respectively. The antibacterial activity of propolis is of great importance for the bee community and propolis always possesses some degree of antibacterial activity. [39] Nevertheless no single propolis component has been shown to possess antibacterial activity higher than the complex extract. [40, 41] Therefore the quantification of the active compounds into groups having the same or close chemical structure correlates better with the biological activity. [8] The biological activity of propolis component is mainly attributed to a few classes such as flavonoids, phenolic acids and their esters and terpenes. Determined chemical composition (Table 1) indicates that considerable amount of flavonoids and esters of phenolic acids is present in propolis which is generally regarded to be responsible for the antibacterial activity of propolis.
CONCLUSION
In conclusion, Croatian propolis extracts are typical poplar type propolis rich in aromatic acids and flavonoids with very low content of terpenes. Even minor changes in solvent ratio, as well as extraction procedures significantly affect abundance of specific propolis components, and therefore, these changes could be used to selectively increase or decrease the content of specific components of interest and to obtain more standardized propolis extracts for use in human and veterinary medicine. The three extraction methods differed mainly in the total percentage of aromatic acids and flavonoids extracted, with maceration giving the highest quantity of aromatic acids, while microwave assisted extraction led to the extraction of the highest amount of flavonoids. Despite differences in chemical composition of different extracts, the PHEE studied showed no clear connection between chemical composition and biological activity. The obtained results indicate that the FRAP value is mostly related to the quercetin concentration, nevertheless, overall antioxidant capacity of propolis is the result of synergistic activity of individual phenolic acids and flavonoids. 
